ADDITIONAL INDEX WORDS. tomato, Solanum lycopersicum, potato, Solanum tuberosum, smother crop, prairie SUMMARY. Farmers view weed management and the risk of lower yields as barriers to transition from conventional to organic agriculture. The 3 years of transition before organic certification can be used to implement strategies to suppress weeds and improve soil fertility. The objective of this research was to evaluate the effects of five organic transition strategies on soil quality, weed suppression, and yield of tomato (Solanum lycopersicum) and potato (Solanum tuberosum) in the first year of organic production. The transition strategies included a tilled fallow, nontreated weedy, high diversity prairie mixture, smother crops, and vegetable rotation. Subplots with and without compost application were also included. Transition strategies affected weed density and biomass in the first organic year with the prairie strategy being the most suppressive of monocotyledonous weeds before potato. Compost application increased plant available nutrients and soil organic matter (OM). The quantity of plant available phosphorus was greatest in the fallow transition strategy (55 mgÁkg -1 ) when compost was applied, while percent soil OM was highest in the prairie (3.2%) and nontreated (3.1%) strategies in comparison with the other strategies. Compost application increased yields of potato and tomato with transition strategy affecting the number and weight of cull potato tubers. The selection of transition strategies before conversion to organic agriculture affected weed pressure, soil quality, and crop production in the first certified organic year.
SUMMARY. Farmers view weed management and the risk of lower yields as barriers to transition from conventional to organic agriculture. The 3 years of transition before organic certification can be used to implement strategies to suppress weeds and improve soil fertility. The objective of this research was to evaluate the effects of five organic transition strategies on soil quality, weed suppression, and yield of tomato (Solanum lycopersicum) and potato (Solanum tuberosum) in the first year of organic production. The transition strategies included a tilled fallow, nontreated weedy, high diversity prairie mixture, smother crops, and vegetable rotation. Subplots with and without compost application were also included. Transition strategies affected weed density and biomass in the first organic year with the prairie strategy being the most suppressive of monocotyledonous weeds before potato. Compost application increased plant available nutrients and soil organic matter (OM). The quantity of plant available phosphorus was greatest in the fallow transition strategy (55 mgÁkg -1 ) when compost was applied, while percent soil OM was highest in the prairie (3.2%) and nontreated (3.1%) strategies in comparison with the other strategies. Compost application increased yields of potato and tomato with transition strategy affecting the number and weight of cull potato tubers. The selection of transition strategies before conversion to organic agriculture affected weed pressure, soil quality, and crop production in the first certified organic year. E nvironmental quality and public health concerns about the use of chemicals in conventional agriculture have driven a large increase in demand for organic food (Dorais, 2007) . Acreage of certified organic farm land in vegetable production in the United States has increased by 62% between 1995 and 2008 [U.S. Department of Agriculture (USDA), 2010]. Although growers have obtained higher prices and seen growth in demand for organic products, many farmers are reluctant to convert to organic agriculture because of perceived risks of lower yields and challenges in managing pests (Beveridge and Naylor, 1999; Hanson et al., 2004; Oberholtzer et al., 2005) . Weed control, especially management of perennial weeds, is often cited by farmers as a barrier to transition to organic production (Turner et al., 2007; Verschwele and Häusler, 2004) . During the mandated 3-year-transition period from conventional to organic agriculture in the United States, many farmers adopt biological, cultural, and mechanical techniques that aid in building soil fertility and suppressing weeds with the potential to enhance yields in the first organic year (Hanson et al., 2004) .
Compost applications during transition to organic vegetable production and after transition have helped to improve soil OM and microbial biomass, alter nematode communities, and increase the concentration of plant available macro-and micronutrients (Baysal et al., 2008; Briar et al., 2011; Martini et al., 2004; Smukler et al., 2008) . Improvements in soil quality as a result of organic material addition are often associated with improvements in vegetable yield (Briar et al., 2011; Russo and Taylor, 2006) . However, the cropping system used during transition can interact with compost application to affect yield and soil fertility. Intensive vegetable production in high tunnels resulted in higher tomato yields in the first organic year than other transition strategies including tilled fallow, hay, and field vegetable production (Briar et al., 2011) . Weed suppression and grain yields in the first certified organic year can be affected by the species of cover crop used during 3 years of transition (Smith et al., 2011) . Transitional strategies of different agronomic crop rotations affected weed seedbank density and soil aggregate size in the first year of certified organic production (Corbin et al., 2010) . Weed populations and soil fertility during organic transition are affected by transition cropping systems and can subsequently affect yield in the first certified organic year. Multifunction cropping systems can be used to address multiple management issues that constrain production, but the relative importance of individual issues in affecting yields is not clearly understood (Larkin et al., 2011 transition strategies has not simultaneously compared the differences in weed suppression, soil fertility, and organic vegetable production in different systems. This research was conducted to assess the effectiveness of strategies for simultaneously suppressing weeds, enhancing soil fertility, and improving organic vegetable yields during transition to organic agriculture in Ohio. Five transition strategies were implemented to mirror current farmer and researcher practices such as growing vegetables, tilled fallow, and mowing, with novel strategies such as prairie biomass production and summer annual smother crops. The objective of this study was to evaluate soil quality, response of annual and perennial weed populations, and compare yields in tomato and potato production in the first certifiable organic year after 3 years of transition strategies and compost application. We hypothesize that weed competition and soil quality will be affected by 3 years of transition strategy and compost application. Further, we hypothesize that transition strategy and compost application as well as resulting weed populations and soil fertility will affect tomato and potato yields. Aug. into black landscape cloth after lettuce harvest. Interrow spacing was 2 ft for all species and intrarow spacing for cabbage, kale, and brussels sprouts was 1 ft and 2 ft for broccoli. Black landscape cloth was used for weed control and vegetables were drip-irrigated throughout the season as necessary. In 2009, 'Gardensoy' edamame soybeans were seeded on 5 June, harvested 23 Sept., and followed the same management protocol as 2007.
Materials and methods

STUDY
SMOTHER CROP TRANSITION STRATEGY. The smother crop strategy was seeded using a Great Plains NoTill Drill (Great Plains Manufacturing, Salina, KS) on 25 May 2007 with a 1:1 mixture of 'Royal' oat (Avena sativa) and 'Packer' field pea (Pisum sativum) mixture (La Crosse Forage and Turf Seed, La Crosse, WI) at 108 kgÁha -1 at a depth of 1 inch and harvested on 12 July 2007. In 2008, a split-split plot design was used in the smother crop transition strategy. Main plot factor was organic transition strategy, subplot factor was compost application, and sub-subplot factor was smother crop species. The first smother crop species was 'VA-T1' tef (Eragrostis tef) (James VanLeeuwen, Halsey, OR) broadcast seeded at 27 kgÁha -1 and cultipacked to ensure FIRST-YEAR ORGANIC PRODUCTION. The main plot factor was organic transition strategy and the subplot factor was compost application. Compost application subplots were divided for production of tomato and potato with weedy and weed-free sub-subplots, which were considered separate experiments superimposed on the transition strategy and compost application study. The experiments for the respective crops constituted a split-splitsplit-plot design. On 15 Apr. 2010, composted dairy manure with the same properties as what was used during transition was applied to the appropriate subplots at the same rate as transition years. The field was disked and seedbed prepared before planting vegetables. A russet type, 'Rio Grande' potato (Ronninger Potato Farm, Austin, CO) was planted on 29 Apr. 2010, with cut seed tubers of %35 g into 5-ft rows with 1-ft intrarow spacing at a depth of 4 inches. Seedling of 'Heinz 3402' tomato (Reimer Seeds, Mount Holly, NC), a processing variety, were grown under greenhouse conditions by a commercial grower and mechanically transplanted into flat beds on 27 May 2010 into 5-ft rows with 1-ft intrarow spacing to give a final population of 24,000 plants/ha. Weeds were controlled in the first organic year with interrow cultivation when weeds were 5 cm tall and hand hoeing for intrarow control in nonweedy sub-sub-subplots. Weeds were not controlled in the weedy subsub-sub-plots. There was no irrigation applied to plots during the first organic year and no additional management of tomato or potato plants beyond descriptions here.
DATA COLLECTION. Soil samples were collected on 15 Apr. 2007, before experiment initiation, and on 14 Apr. 2010, before seeding of vegetable crops. Sixteen soil cores per subplot were collected with a diameter of 3 cm to a depth of 10 cm. Soil samples were amassed for each subplot and dried before analysis. Samples were tested for pH, available P using a Bray-1 extractant, exchangeable K, calcium (Ca), and magnesium (Mg) using an ammonium acetate extractant, and OM using the loss on ignition method.
Weed emergence was counted after planting of potato on 24 May 2010 and tomato on 16 June 2010 from two 0.25-m 2 quadrants per subplot to determine the effect of transition strategies on weed suppression. Weed biomass was harvested from tomato on 25 Aug. 2010 and potato plots on 15 Sept. 2010 from two 0.5-m 2 quadrants per subplot to determine the effect of transition strategies and 1 year of organic production on weed suppression. All weed data were collected from the weedy subplots. Weed biomass was separated into canada thistle, monocot, and broadleaf weeds; these were weighed, dried at 55°C for 72 h, and weighed again.
Tomatoes were harvested by hand from 5-ft sections of two rows in each nonweedy subplot between 26 Aug. and 26 Sept. 2010. Harvest times varied by replication because of differences in time to maturity. Tomatoes were separated into marketable composed of ripe fruit meeting standards for categories A and B and nonmarketable composed of fruit that were immature or culls (USDA, 1983) . The number and fresh weight of tomatoes in each category were measured. Six marketable tomato fruit from each sub-plot were used for pH and soluble solids content (SSC) analysis of fruit quality within 24 h of harvest. The six fruit had the pulp removed, flesh was ground in a blender, and a 500-mL sample was stored at -20°C until analysis using digital refractometer (American Optical 10480 Mark II; Reichert, Depew, NY) for SSC and a pH meter (Accument AB15; Fisher Scientific, Pittsburgh) for pH analysis.
Potatoes were mechanically harvested from 20-ft sections of two rows in each nonweedy subplot on 11 Oct. 2010. Potato tubers were graded and classified as U.S. No.1 with diameter of greater than 1.875 inches, U.S. No. 2 with diameter of greater than 1.5 inches, and cull tubers (USDA, 2011). The number and fresh weight of tubers in each category were measured.
STATISTICAL ANALYSIS. Data were analyzed separately by vegetable crop because of differences in dates of planting and data collection. The effects of transition strategy, compost application, and the interaction of transition strategy and compost application on soil pH, P, K, Ca, Mg, and percent OM were tested using PROC MIXED in SAS (version 9.2; SAS Institute, Cary, NC) with data from 2007 used as a covariate. Fixed effects were replication, transition strategy, and compost application; random effects were replication by transition strategy interactions. When the interaction of transition strategy and compost application was significant (P < 0.05), data were analyzed separately for each transition strategy · compost application. Means were adjusted for the covariate using the LSMEANS statement in PROC MIXED and means separated using Tukey's test.
The effect of transition strategy, compost application, and the interaction of transition strategy and compost application on weed density and biomass and tomato and potato yield were tested using PROC MIXED. Fixed effects were replication, transition strategy, and compost application; random effects were replication by transition strategy interactions. When the interaction of transition strategy and compost application was significant (P < 0.05), data were analyzed separately for each transition strategy · compost application. Means were determined using the LSMEANS statement and separated using Tukey's test.
Results and discussion
WEED SUPPRESSION. The interaction of transition strategy and compost application for weed emergence was not significant and data are combined.
Transition strategies affected density of canada thistle and other broadleaf and monocot weeds in both potato and tomato crop production ( Table  1) . The most common weed species present were velvetleaf (Abutilon theophrasti), common purslane (Portulaca oleracea), common lambsquarters (Chenopodium album), redroot pigweed (Amaranthus retroflexus), yellow nutsedge (Cyperus esculentus), and large crabgrass (Digitaria sanguinalis). Perennial species used in the prairie transition strategy were not emerged at the time of the measurement of weed density before planting potato or tomato, nor did the prairie species emerge during the growing season as weeds. In potato, the density of canada thistle was lower in the prairie (10 shoots/m 2 ) than the fallow (38 shoots/m 2 ) or nontreated strategies (50 shoots/m 2 ) ( Table 1 ). The density of monocot weeds was lower in the prairie transition strategy (200 seedlings/m 2 ) compared with the other treatments, whereas the density of broadleaf weeds was reduced in the prairie strategy (31 seedlings/m 2 ) compared with the fallow (350 seedlings/m 2 ) and vegetable (350 seedlings/m 2 ) strategies (Table 1) . Restoration of prairie species has been shown to reduce weed invasions (Blumenthal et al., 2005) . The prairie transition strategy included a highly diverse mix of perennial species that occupy multiple ecological niches and give year-round groundcover. The use of species of multiple functional groups may use resources in a complementary manner that facilitates competition with weed species (Liebman and Staver, 2001 ). Ground cover provided by prairie species may prevent growth and emergence of canada thistle shoots in early spring. Without shoots to produce photosynthetic product, underground storage of root carbohydrates is affected, leading to reduced shoot production (Gustavsson, 1997 , 1985) . Canada thistle shoots emerged after smother crop planting may not have been able to effectively compete for light and produce carbohydrates for storage, thus affecting the ability of roots to produce shoots.
Weed biomass in potato was affected by the interaction of transition strategy and compost application (P = 0.01). In potato, compost application (328 gÁm Means within a column and transition strategy or compost application followed by the same letter do not differ according to Tukey's test (P < 0.05). density of canada thistle shoots was highest in the nontreated strategy compared with the prairie, smother crop and vegetable treatments in the potato crop (Table 1 ). Canada thistle was likely able to assimilate and store carbon in underground roots without mechanical management or competition from competitive smother crops or prairie species. The carbohydrate storage may allow canada thistle to produce shoots in subsequent years of organic production, but little is known about the longevity of canada thistle roots (Donald, 1994) . Although seed set was prevented in the treatment and the mechanical management would encourage depletion of the seed bank, the strategy did not appear to have long-term effects for weed management once crop production was initiated. SOIL FERTILITY. Soil pH and available P were affected by the interaction of transition strategy and compost application (Table 2) . Available K, Mg, and percent OM were affected by transition strategy (Table 3) . Within the compost treatment, available P was greater in the fallow transition strategy (55 mgÁkg -1 soil) compared with other strategies (Table 2) . Available Mg was higher in the prairie transition strategy (200 mgÁkg -1 soil) than the vegetable (180 mgÁkg -1 soil) or fallow treatments (180 mgÁkg -1 soil); and percent OM was higher in the prairie transition strategy than the fallow (2.8%), smother crop (2.9%), and vegetable (2.7%) treatments (Table 3 ). In the prairie and nontreated transition strategies, K, Mg, and percent OM were not different where the soil was not disturbed during the 3-year transition phase (Table 3) . Soil disturbance results in loss of nutrients and OM from soil and tillage practices within a transition strategy contributed to differences in soil fertility after 3 years. However, changes in soil nutrients and OM in studies comparing the effects of soil tillage often take more than 3 years to accumulate (Pekrun et al., 2003) . The similarities in soil properties between transition strategies, especially the nontreated and prairie strategies, can also be the result of the length of this study.
Compost application affected available K, Ca, and Mg, and percent OM (Table 3 ). The addition of soil nutrients and OM in the compost would be expected to increase soil fertility during the transition years without depletion by vegetation or soil disturbance. Soil nutrients K and Mg were generally lowest in the vegetable transition strategy (Table 3) . The vegetable crops planted would use some of the available soil nutrients for growth and development. The use • April 2012 22 (2) of annual vegetable crops in the vegetable strategy may also slow the accumulation of OM compared with other transition strategies ( Table 3) . Harvesting of aboveground plant biomass removed a source of organic carbon (OC) for soil, and annual root systems may contribute less to soil OC pools in comparison with perennial root systems (Kögel-Knabner, 2002) . Strategies that included cultivation, such as the fallow, smother crops, and vegetables, had lower percent OM than treatments without soil disturbance (Table 3) . Soil disturbance through tillage and cultivation in these strategies may decrease the rate of soil OM build-up (Jackson et al., 2004) . TOMATO AND POTATO YIELD. Tomato ( Fig. 1 ) marketable yield was affected by compost application. Tomato fruit quality as measured by pH and SSC were unaffected by transition strategy or compost application (data not shown). The weight of marketable tomato fruit was greater with compost application (31.4 MgÁha -1 ) compared with the no compost treatment (24.9 MgÁha -1 ) (Fig. 1A) . The total number of tomato fruit did not differ between compost (10.0 fruit/ m 2 ) and the no compost treatments (9.1 fruit/m 2 ) (Fig. 1B) . Although the total number of fruit was unaffected by compost treatment, number of marketable fruit (compost = 5.9 fruit/m 2 , no compost = 4.9 fruit/m 2 ) was affected by compost treatment (Fig. 1B) . The addition of soil nutrients through compost application did not affect the total number of fruit, but may have affected fruit shape and susceptibility to pests.
Compost application increased the number of marketable potato tubers (compost = 2.2 tubers/m 2 ; no compost = 1.3 tubers/m 2 ) (Fig. 2B ) and the weight of marketable tubers ; no compost = 7.8 MgÁha -1 ) ( Fig. 2A) . The application of compost increased yield through the supply of plant available and potentially mineralizable nutrients. Transition strategy did not affect the number (P = 0.56) or weight (P = 0.49) of marketable tomato fruit; or the number (P = 0.11) or weight (P = 0.11) of marketable potato tubers. Since cultivation and hoeing were used for weed control during the first organic year in the weed-free subplots, the effect of the changes in weed populations as a result of transition strategy may not be observed in vegetable yield data (Table 1) . However, the effect of transition strategy on number (P = 0.0006) and weight (P = 0.0005) of cull potato tubers was significant (Fig. 3 ). There were more cull potato tubers, and the weight of cull tubers was greater in the nontreated strategy (number = 6.6 tubers/ m 2 ; weight = 5.1 MgÁha (Fig.  3) . The nontreated and prairie transition strategies had the least amount of soil disturbance over the 3 years of transition compared with the other treatments. Soil physical properties as affected by tillage can influence potato yield (Pierce and Burpee, 1995) . Soil disturbance in the fallow, smother crops, and vegetable strategies may have affected the quantity of cull potato tubers.
The transition strategy implemented during the 3 years before organic farming can affect weed density in the first year of organic production. The use of native, perennial prairie species can provide suppression of canada thistle, monocot, and broadleaf weeds. Prairie species also represent a potential source of biofuel feedstocks for burgeoning lignocellulosic fuel markets that may provide economic return during transition (Jefferson et al., 2004; Tilman et al., 2006) . Future success and adoption of the prairie transition strategy depends upon further development of lignocellulosic biofuel conversion processes and markets. Smother crops are also effective at reducing emergence of canada thistle in comparison with the nontreated strategy before tomato and potato production. To improve economic return for farmers while suppressing canada thistle, the smother cropping strategy could be used in rotation with short-season vegetable crops such as lettuce or smother crops could be chosen for use as forages or hay.
To improve economic return during the transition period to organic production, the second year phase of the vegetable transition strategy could be practiced for all 3 years of the transition. This approach would allow farmers to realize profit from growing annual vegetable crops while preventing the growth and reproduction of weeds with black landscape cloth and improving soil fertility with compost application. Compost applications and transition strategies during organic transition improved soil fertility and potato and tomato yield during the first year of organic production. Transition strategies that increase soil nutrients in combination with compost applications can be most effective in improving yields in the first year of organic vegetable production. However, strategies that cannot be adapted for economic return may not serve to remove the barriers to transitioning to organic production.
The objective of this study was to evaluate cropping and management systems for transition to organic agriculture and evaluate the effect of those systems on the first year of organic production. This is the minimum period of time for transition experiments as productivity in organic systems usually improves with increasing years in organic management (Delate and Cambardella, 2004) . The first year of organic production is crucial to establish the success or failure of transition strategies for weed management and improvement of soil fertility. Including additional years of organic production beyond the first organic year changes the scope of the study and the influence of transition strategies. To remove the barriers farmers perceive in converting to organic management, assessment of the products that can be sold at the premium organic prices is crucial to ensure that farmers know the impact of transition strategies on potential economic return. However, further research could consider integration of systems that are effective in managing biotic and abiotic factors as well as providing financial return if economic considerations are also a barrier. Further research may consider the effect of novel cropping strategies on a wider variety of organic crops and other measures of soil quality such as microbial communities and physical properties. Although strategies without economic return may not be appealing to farmers for short-term benefits, understanding the long-term implications of transition strategies for weed management, soil fertility, and yields once organic premium prices are realized can improve management decisions in organic production. • April 2012 22 (2) 
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